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The FDOT Structures Design Office is encountering
more and more steel straddle bents that solve bridging
over complicated roadway alignments resulting in bent
lengths exceeding 100 feet (maximum is up to 145’%*).

Multiple steel straddle caps

NW 25t Street
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Should engineers be designing for a temperature
gradient for this type of structure?
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Structures Design Guidelines Topic No. 625-020-018
2 - Loads and Load Factors January 2019

2.7.2 Temperature Gradient [3.12.3]
Delete the second paragraph of LRFD [3.12.3] and substitute the following:

"Include the effects of Temperature Gradient in the design of continuous concrete
superstructures only. The vertical Temperature Gradient shall be taken as shown in
LRFD [Figure 3.12.3-2]."




 Lhe l0ad factor 107 IEMpeTatiTe Eragient, y v, SHO The Joad Tactor fof lemperanie gradient saould e |
112—FORCE EFFECTS DUVE TO SUPEEIMPOSED be considered on a project-specific basis. In lien of project- determined on the basis of the:
DEFORMATIONS: TU, TG, SH, CR, SE, P§ specific information to the contrary, yry may be taken as:
o Type of stmciure, and
¢ 0.0 at the citensth and exirems event limit states, #  Limit state being investigated.
# L0 at the service limif state when live load is not
considered. and Open girder constmcion and mmlople steel box
312 3—Temperature Gradient » 0.50 at the service limit state when live load is  Eirders have traditionally, but perhaps not necessarly
considersd. commectly, been designed without consideraton of
For the purpose of this Article, the country shall be temperature gradient. i.e., yre = 0.0.
subdivided into zones as indicated in Figure 312 3-1
Positive temperature values for the zones shall be taken as
specified for wvarous deck swface condinons Table 3.4 1-1—Load Combinations and Lead Factors
Table 3.12.3-1. Negauve temperamwre values shall be
obtained by multiplymg the values specified in bc
Table 3.12.3-1 by —0.30 for plain concrete decks and —0 20 ﬁﬁ-
—for decks with an asphalt overlay EH
The vertical temperamure gradient in concrete and steel EF | LL
superstructures with concrete decks may be taken as shown Ei g"-;
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Dimension 4 in Figure 3.12 3-2 shall be taken as:

¢+  For concrete superstructures that are 16.0 in. or more in
depth—12.0 in.

¢« For concrete sections shallower than 16.0 im.—4 0 in.
less than the acteal depth

T. 1,741
* 1 I + For steel supersmuchares—12.0 in. and the distance 7
' . : shall be taken as the depth of the concrete deck
4
I t t=8assumed
+ Table 312.3-1—Basx for Temperature Gradients
_ T,=11
A=12 A | 2 Zone I, CF) . CE)
|  — Steel Girder ] 54 14
. | s Structures 2 45 12
Depth of | Only Florida 3 41 11
Super- | | 4 33 o
structure |
§ || = =7 C312.3
8 | Temperamure gradient iz inchoded im warious load
L | combinatons in Table 3.4.1-1. This does not mean that it
need be mvestigated for all types of stuctures. If

Figure 3.12.3-1—Positive Vertical Temperatre Gradient in
Concrete and Steel Supersiructores

experience has shown that neglecing temperaturs
gradient in the design of a given fype of stacture has not
lead to structaral distress, the Owner may choose to
exclude temperamre gradient. Multibeam bridges are an
example of a type of stucture for which judegment and
past expenence should be considered.
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Fignre 312 3-)—Positive Vertical Temperatore Gradient in
Concrete and Steel Superstructures
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Phase 1 - Preliminary Conclusions
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Project Overview

Goals Develop a temperature gradient Curvad
Straight
Develop numerical analysis Elements
techniques (FEM) Loading

Deck stresses at Service \\

Evaluate temperature gradient

effects on the structure using FEM Steel stresses at Service |
Deflection at Service \\

EXper imental Structures Research Center (SRC) Temperature gradient
Testing Test Specimen

Develop finite element model (FEM) techniques

. P . Develop a finite element model (FEM) to replicate
Monitor an existing bridge t.hat'has o sured values.
a straddle bent to measure in-situ
tem per ature gr adients and Evaluate “design” temperature gradient effect on the
associated deflections structure.
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Phase 2 — FEM (LUSAS) large scale model -
200’-200’ spans with and w/o integral
straddle cap (in-progress)
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|Instrumentation Plan

* Equipment
Y& « Sensor Layout
* Data Collection

i |Test Set-up

¢ 4 configurations in a N-S orientation
¢ 4 configurations in a E-W orientation

- Develop Temperature Profile

e Curved and straight profiles
e Steel box & steel box

' Develop Numerical Analysis (FEM- LUSAS) Techniques

partially shielded with concrete slab

* Element Type
* Loading

|Stee| Plates Painted with Two Colors

e Surface temperature

TRANSPORTATION
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Test Specimen
shown in E-W
orientation
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36'-4” total length,
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Vertical Temperature Gradient?

15 per section — 30 total

32 max (thermocouples) gages
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9/11/18 Section D and E added to aid in delineating temperature
zones for Test Cand D (E-W)

Place a couple
inside to evaluate
through thickness
temperature
gradient

Longitudinal deflection

m 'l Vertical deflection
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Sensor Layout
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CROSS SECTION AT A/B

N-S orientation
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Four Testing Configurations: A,B,C&D

A- Bare steel

B- Shaded sides
with burlap
Entire Length of
girder
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Four Testing Configurations: A,B,C&D

C- Shaded top with

concrete slab
wrapped in Burlap

D- Shaded top with
concrete slab
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N-S B

m 6/12/18 8:00 AM | 6/19/18 8:00 AM

B - Shaded sides

with burlap s RS R e e s g iy
Entire Length of o s LEE LEE
girder
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140

Chart shows 7 day testing period for top flange and

ambient temperatures, and Solar Radiation

Figure 2

6/18/18 2:20 pm [
Day 7
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140

5
|

Chart shows 7 day testing period for top flange and
ambient temperatures, and Solar Radiation

| FF12{18 2:10 PM, \I;!i

FF11/1E 3:20 PM, 125.99 |

7/13/18 2:00 pm
.0
FI13/18 32

130
1200
120
- = mae B § S f S f = A S f S f e " B f e S f e f e ks S f e f e . maml § S S F S fF e F S S F e " S f s S f S f S O f - " ... lmﬂ
110
BDD
100
&h0
90
400
80
70 ! -
\ 713518 7200 AM 7258
7/9(18 7:40 AM, 74.6 |
&0 1
7/9/18 12:00 AM 7/10/18 12:00 AM 7/11/18 12:00 AM 7/12/18 12:00 AM 7/13/18 12:00 AM 7/14/18 12:00 AM 7/15/18 12:00 AM 7/16/18 12:00 AM 7/17/18 12:00 AM

ﬂTﬁ |77 l‘ra

T5

|Ta || T10 | —™Ambient Temperature = ——AVG T6A-TI0A ——AVG T6B-T10B  =—>5olar Radiation
-, .]-l"‘- 1
TI11




Gradient Equations

12-8"
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|LoCAL GRADIENTS

Section A)(Shifting FteierencE]]
Wleft
YoradTSA-SR=(TEA-T5A)/Y1
YoradTAA-SR=(T5A-TAA)/Y2
YeradT3A-SR={TAA-T3A)/Y3
YoradT2A-SR=(T3A-T24)/Y4
YeradT1A-SR=(T2A-T1A)/Y5
Xtop
XoradT7A-SR=(T6A-T7A)/X1T
XgradT8A-SR={T7A-T8A)/X2T
XgradT9A-SR={TBA-TIA)/X3T
XgradT10A-SR=(T9A-T10A)/XAT

I
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Section ,C{[Fixed Reference) ]

¥left

YoradTSA-FR=(TE6A-TSA)/YL
YoradT4A-FR=(T6A-TAA)/SUM(Y1...¥2)
T12A)/SUM(Y1..Y2)
YoradT3A-FR=(T6A-T3A)/SUM(Y1...Y3)
T13A)/SUM(YL...Y3)
YoradT2A-FR=(T6A-T2A)/SUM(Y1...Y4)
T14A)/SUM(Y1..Y4)
YoradT1A-FR=(T6A-T1A)/SUM(Y1..Y5)
T15A)/SUM(Y1..Y5)
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CROSS SECTION AT A/B

GLOBAL GRADIENTS ]

1on

radGlobalA=[AVG(TEA...T10A)-AVG(T1A, T15A)]/SUM(Y1...YS
¥gradGlobal A=[AVG(T2A...T5A)-AVG(T11A...T14A)] /SUM(X2T...X3T)
MaxgradA=MAX(T1A..T15A)-MIN(T1A...T154)

Section B
YeradGlobalB=[AVG(T6B...T10B)-AVG(T1B,T15B)]/SUM(Y1...Y5
¥gradGlobalB=[AVG(T2B..T5B)-AVG(T11B...T14B)] /SUM(X2T...X3T)
MaxgradB=MAX(T1E..T15B)-MIN({T1B...T15B)
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15t chart shows 7 day testing period for
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Figure 2
Condition B - Specimen Sides is Covered with Burlap for Entire Girder Length
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Charts show 7 day testing period with temperature

gradient (°F/in) for Global and Fixed Reference
measure from top flange to bottom flange

Figure 2
Condition B - Specimen Sides is Covered with Burlap for Entire Girder Length
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NOE-B Temperature Sensors vs, Time
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OE-B Temperature Sensors vs, Time
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Day and Night World Map

The map below shows the current position of the Sun and the Moon. It shows which areas of the Earth are in daylight and which are in night

UTC time = Wednezday, June 13, 2018 at 17:30:0C Tallahassee local fime = Wednesday, June 13, 2018 af 1:.30:00 pm
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Day and Night World Map

The map below shows the current position of the Sun and the Moon. It shows which areas of the Earth are in daylight and which are in night

UTC time = Friday. January 11. 2019 at 17:30:00 Tallahassee local ime = Friday, January 11, 2019 at 12:30:00 pm.
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Chart shows Temperature Sensor readings for 6/18 2:20 pm
occurring at Midspan Deflection

‘ n, HEl i R e i
Figure 2

Condition B - Specimen Sides is Covered with Burlap for Entire Girder Length

6/18/18 2:20 pm
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Structural Analysis Model using LUSAS (
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Structural Analysis Model using LUSAS (
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Charts show 7 day testing period with temperature
gradient for Global and Fixed Reference measure

from top flange to bottom flange
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15t chart shows 7 day testing period for

midspan displacement, D1
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NOE-D-Temperature Sensors vs. Time
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OE-D-Temperature Sensors vs. Time
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Chart shows Temperature Sensor readings for 7/13 2:00 pm

occurring at Midspan Deflection
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Structural Analysis Model using LUSAS ( YESD)

LUSAS — Temperature Loading
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Structural Analysis Model using LUSAS (

On 7/13/18 2:00 pm:

midspan displacement would be
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Structural Analysis Model using LUSAS (stresses) e
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Structural Analysis Model using LUSAS (stresses) e
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Section B — Top Flange
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The steel box can be divided into two sections:
unshielded and shielded from solar radiation with each section having a separate temperature gradient

The temperature gradient can be modeled with a straight line profile
Even though the actual temperature profile is curved, FEM analysis showed the difference in strains between the
two profiles is insignificant

iminary

FEM Techniques
LUSAS software
Flanges were modeled with thick beam elements (BMI21) and the web with thick shell elements (QTS4)
The web was divided into 8 horizontal layers to allow different temperature loads
The temperature load requires an initial and a final temperature

Conclusions
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Phase 1 — SRC

Phase 2 — FEM (LUSAS) large
scale model (in-progress)

Phase 4

Revisions
Phase 3 — Field Instrumentation to SDG
of Existing Bridges and FEM SDM
Evaluation (TBD) 460
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